Kwoniella shandongensis sp. nov., a basidiomycetous yeast isolated from soil and bark from an apple orchard In irrigated apple orchard systems, widespread use of nitrogen fertilizer may increase apple yields but it can also cause deleterious effects on the ecosystem such as excessive nitrate leaching, soil acidification and the production of greenhouse gases through denitrification (Biswas et al., 2000; Dong et al., 2005) . Increasing and extending the role of biofertilizers could reduce the need for chemical fertilizers and lead to fewer adverse environmental effects. Recently, the potential of soil yeasts to act as plant growth promoters and soil conditioners has been studied with the goal of using them in the field for sustainable agriculture. A wide diversity of yeasts have been examined for their potential as biofertilizers (e.g. Mohamed & Gomaa, 2005; Gomaa & Mohamed, 2007) .
In irrigated apple orchard systems, widespread use of nitrogen fertilizer may increase apple yields but it can also cause deleterious effects on the ecosystem such as excessive nitrate leaching, soil acidification and the production of greenhouse gases through denitrification (Biswas et al., 2000; Dong et al., 2005) . Increasing and extending the role of biofertilizers could reduce the need for chemical fertilizers and lead to fewer adverse environmental effects. Recently, the potential of soil yeasts to act as plant growth promoters and soil conditioners has been studied with the goal of using them in the field for sustainable agriculture. A wide diversity of yeasts have been examined for their potential as biofertilizers (e.g. Mohamed & Gomaa, 2005; Gomaa & Mohamed, 2007) .
Some yeasts may also play a key role in both the nitrogen and sulphur cycles and have the ability to solubilize insoluble phosphates and make them more readily available for plants (Botha, 2011) . Representatives of the genera Candida, Geotrichum, Rhodotorula and Williopsis are able to nitrify ammonium to nitrate via nitrite, and solubilize insoluble phosphate in vitro (Al-Falih, 2005 . In order to obtain effective yeasts to examine their potential as bio-fertilizers, a wide diversity of yeasts were isolated from bark and bulk and rhizosphere soil samples collected from an apple orchard in Tai'an, Shandong Province, China. These strains were identified based on the sequences of the 26S rRNA gene D1/D2 domains and the ITS region. Among these yeasts, four strains were revealed to represent an as yet undescribed species in the Kwoniella clade Statzell-Tallman & Fell, 2011) . This paper describes the characterization of this novel species.
Strains Y13-1 T and Y2-1 were isolated from bulk soil samples, strain Y6-3 was isolated from rhizosphere soil and strain Y8-2 was isolated from bark collected from an apple orchard in Tai'an, Shandong Province, China. Strains were isolated by using YM broth containing chloramphenicol (200 mg ml
21
) and incubation at 20 u C. Morphological, physiological and biochemical characteristics were examined according to standard methods (Kurtzman et al., 2011) . Nuclear DNA was extracted by the method of Makimura et al. (1994) . The ITS region, including the 5.8S rRNA and 26S rRNA gene D1/D2 domain sequences, were determined by the method described by Bai et al. (2002) . Sequences were aligned with the CLUSTAL_X program (Thompson et al., 1997) . Phylogenetic trees were constructed from the evolutionary distance data calculated from Kimura's twoparameter model (Kimura, 1980) by using the neighbourjoining method (Saitou & Nei, 1987) . Bootstrap analyses (Felsenstein, 1985) were performed from 1000 random resamplings.
Strains Y13-1 T , Y2-1, Y6-3 and Y8-2 formed cream-coloured colonies. The positive result in tests for diazonium blue B and for the urease reaction indicated that these strains were basidiomycetous representatives. Stalked conidia or ballistoconidia were not observed on cornmeal agar. Upon mixing the four strains on cornmeal agar and yeast extract agar, no hyphae or sexual structures were observed. The novel strains could utilize D-glucuronate and inositol as sole carbon sources and produce starch-like substances.
The four strains, Y13-1, Y2-1, Y6-3 and Y8-2, had identical sequences in the ITS region and D1/D2 domains, which suggested that they were conspecific. Phylogenetic analysis on the basis of the D1/D2 sequences revealed that the four strains clustered in the Kwoniella clade (Findley et al., 2009; Boekhout et al., 2011; Statzell-Tallman & Fell, 2011) together with the Kwoniella heveanensis complex (Shin et al., 2006) and Cryptococcus cuniculi (Fig. 1) . The novel strains differed from C. cuniculi CBS 10309 T and K. heveanensis CBS 569
T by 27 nt (4.4 %) and 30 nt (4.8 %) in the D1/D2 domains, respectively, and displayed 3 % or greater sequence divergence from the nondescribed strains, Cryptococcus sp. GJ2L06 (18 nt differences), Cryptococcus sp. F6 (20 nt differences), Cryptococcus sp. CBS 10169 (20 nt differences), Cryptococcus sp. KBP 3876 (24 nt differences) and Cryptococcus sp. BI226 (27 nt differences). Variation in the combined sequences of the ITS1 and ITS2 regions (including the 5.8S rRNA gene) was more than 12 % with respect to all other related species (see Fig. S1 in IJSEM Online). Analyses of the gene sequences of the ITS region, including 5.8S rRNA and 26S rRNA gene D1/D2 domains, clearly indicated that the four new strains represented a novel species.
The four new strains should be assigned to the genus Cryptococcus based on the current diagnosis of a species Fonseca et al., 2011) . However, the phylogenetic analysis indicated that the new strains belong to the Kwoniella clade rather than to the Filobasidiella clade (Fig. 1) containing the type species of the genus Cryptococcus, which is highly polyphyletic . The teleomorph genus of Kwoniella was proposed by StatzellTallman et al. (2008) with one species, K. mangroviensis, which is closely related to Bullera dendrophila, Cryptococcus dejecticola, Cryptococcus bestiolae and Cryptococcus heveanensis (Findley et al., 2009; Statzell-Tallman & Fell, 2011) . The sexual life cycle of C. heveanensis was recently elucidated and it was renamed as a member of the genus Kwoniella, as Kwoniella heveanensis (Metin et al., 2010; Sun et al., 2011) . According to the replacement of Art. 59 and the one fungus/one name rule to be enforced from January 2013 (Hawksworth, 2011) , the four new strains were classified into the genus Kwoniella instead of Cryptococcus in order to avoid the inevitable change of its name in the near future. On this basis, the four new strains are proposed as representing Kwoniella shandongensis sp. nov.
Physiologically, K. shandongensis sp. nov. can be distinguished from the closely related species K. heveanensis and C. cuniculi by its ability to grow at 35 u C and its inability to grow on L-sorbose, succinic acid and L-lysine. The differences between K. shandongensis and other related taxa are presented in Table 1 . In YM broth, after 3 days at 20 u C, cells are ellipsoid or ovoid, 1.8-5.262.1-6.8 mm in size (Fig. 2) and occur singly or in pairs. Budding is single. Sediment is formed. After 1 month at 20 u C, sediment and a pellicle are present. Pseudohyphae are not observed in cultures grown on cornmeal agar. On YM agar, after 1 month at 20 u C, the streak culture is cream, butyrous, shining and with an entire margin. Fermentation is absent. Assimilates glucose, galactose, sucrose, maltose, cellobiose, trehalose, lactose, raffinose, melezitose, inulin 
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